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INTRODUCTION
Equation of state (EOS) data is an important component of many large-scale simulations of various processes that occur at high energy densities. One approach to providing EOS data to a simulation code is to maintain tabular representations of the equations of state for various materials. Simulation codes can obtain the necessary EOS data, then, by accessing the appropriate data table and by performing some type of interpolation to obtain a data value for the precise (ρ, T) point desired. One benefit of the tabular approach to EOS data is that it facilitates the representation of global equations of state over very large ranges of density and temperature.
Obviously, it is desirable for a user of a simulation code to be able to obtain as much information as possible about the EOS data being passed to the code. The accuracy of simulation results can depend critically on the accuracy of the data being used. At LLNL, we have been developing a browser application called EOSView that will allow the users of our tabular EOS data library to obtain a large amount of information about the EOS tables that they are using, and to do so quickly and easily. EOSView provides a graphical user interface, can display data in both tabular and graphical form, and can be used to analyze EOS data in many different ways.
THE LEOS EQUATION OF STATE DATA LIBRARY
At LLNL, the equation of state group has developed an EOS data library called LEOS ("Livermore Equation of State").
The LEOS data library contains tabular equation of state data for almost 150 materials. The data are generated using a global EOS model called QEOS ("Quotidian Equation of State"). This model is based on a modified Thomas-Fermi electron-gas model, and incorporates adjustable parameters that allow fits to experimental data to play a large role in the generation of the LEOS data tables [1, 2] . Currently, the LEOS data library provides data for eighteen different functions. All or most of these functions are available for a vast majority of the materials in the data library. The available functions are listed in Table 1 . Except for a few univariate functions, the data are given as a function of density and temperature. The LEOS data library resides entirely in a single binary file with an internal hierarchical structure [3] . This file is a PDB ("Portable Data Base") file that is created using file management routines from the PDBLib library [4] . In general, the top level of the hierarchy contains a list of the materials in the data library, while the level just below contains a list of the available functions for the given material (material information is available at this level as well). Once the desired function is selected, the next level of the hierarchy contains the table data, as well as other information about the given table.
The contents of the LEOS data library are viewable through the use of a utility called PDBView [5] . PDBView provides a UNIX-like command-line interface with which to navigate the hierarchical structure of the data library. This gives the user a direct way to see what is in the library.
However, PDBView has several shortcomings. First, the command-line interface is cumbersome and difficult to use. Secondly, PDBView lacks a general scheme for the graphical visualization of the data, and it does not provide functionality to allow the user to analyze the EOS data or to compare the data with experimental data points. 
EOSVIEW: A NEW BROWSER APPLICATION FOR LEOS
Because of the limitations of PDBView as a data library browser, we have been developing the prototype of a new browser application called EOSView.
EOSView provides analysis and graphical visualization capabilities, as well as an easy-to-use graphical user interface. EOSView has already proven to be a valuable tool for the analysis and visualization of data from the LEOS data library. The EOSView application uses the Tk GUI toolkit to provide a graphical user interface (GUI) that eliminates the learning curve associated with using a command-line driven interface such as PDBView.
Graphics for plotting are provided by the Gnuplot package. The various analysis routines (to calculate adiabats, Hugoniots, etc.) have been coded as C functions. Moreover, the EOS data are obtained from the LEOS data library by using the same Clanguage access routines and interpolation functions that would be used by a simulation code. This not only facilitated quick prototyping of the EOSView browser, but also serves as a quality assurance feature. Because EOSView uses the same access routines that simulation codes use, a user of the browser can be assured that the data viewed and analyzed there will be the same as the data that will be passed to his or her simulation code.
The "glue" that holds the EOSView application together is provided by the Python scripting language. Python is used to access the Tk GUI widget set; this is made possible by an interface package called Tkinter. Furthermore, Python has proven to be an effective means of creating a single application from disparate building blocks such as C functions, the Gnuplot program, and various UNIX utilities.
CURRENT EOSVIEW CAPABILITIES Accessing Table Data
EOSView can access essentially all of the data present in the LEOS data library, and can organize and present this information in a way that is convenient for users. For example, a user can create a list of all the materials available in the library, including indications of which of the eighteen functions are available for each of these materials. In addition, information about a given material can be retrieved and displayed with the click of a button. Furthermore, a user can generate a listing of the table ranges for a given material and set of functions.
Of course, EOSView provides the user with ways to view the actual 
Accessing Interpolated Data
Because the EOSView browser accesses the same interpolation routines that a simulation code using LEOS accesses, the browser is valuable as a means of determining the quality of the data being returned by whichever interpolator (typically a bicubic scheme) has been chosen. There is a query window which allows the user to select a material and function and an arbitrary (ρ, T) point, and to obtain the corresponding function value, as determined by the interpolator.
A user can also generate a table of interpolated data values for a given material and set of functions; the user selects the desired ranges in density and temperature and the spacing criterion (the number of values, and whether to step linearly or logarithmically).
Furthermore, EOSView provides the user with the ability to analyze interpolated data in several different ways.
Functionality of this type includes the calculation and display of isotherms, isochores, isobars, adiabats, and shock Hugoniots. Each of these analyses has an associated GUI window that allows the user to specify all relevant parameters for the analysis. For example, the window for adiabat analysis allows the user to choose the material, the abscissa (ρ or T), the ordinate (T, ρ, or one of the previously selected functions), the number of adiabats, the number of points per curve, the initial point or points in (ρ, T) space, whether to compute the adiabat backward or forward from these points (or both), and the ranges in ρ and T within which the analysis is to be confined. 
Other Functionality
EOSView can overlay experimental data onto any of the plots it creates. The user enters the experimental data directly into a text window, or imports a data file from the local file system. Several separate data files can be imported and displayed in the experimental data text window, and the resulting list of data can be saved in a new file whose name is specified by the user.
The ability of EOSView to compare LEOS data to experimental data is critical for verification and validation purposes. It is possible to open an arbitrary LEOSformat data library with EOSView. This is useful because special purpose tables are occasionally provided to individual users. Also, EOSView can print tables and plots, or save them to files. Various convenience functions, such as sorting and searching of material lists, are also provided. In addition, there is an interface to PDBView, so that a user can view the contents of the data library directly, if desired.
FUTURE PLANS
We intend to replace Gnuplot with a much more powerful plotting package in order to provide EOSView with interactive graphics and 3D plotting capabilities.
In addition, various quantitative quality metrics will be added to EOSView's functionality. These will involve such things as smoothness, thermodynamic consistency, and thermodynamic stability. Also, we will add the capability to compare EOS tables using contour plots, as well as to handle composite functions such as E -TS + P/ρ. Finally, we intend to develop an online library of experimental data.
